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,QWURGXFWLRQ
,QFUHDVLQJO\JOREDOFRPSHWLWLRQVDVZHOODVGHFUHDVLQJSURGXFWOLIHF\FOHVIRUFHFRPSDQLHVWRFRQVWDQWO\LPSURYH
WKHLUHQJLQHHULQJFDSDELOLWLHV7RVXFFHHGLQDQDJLOHDQGKLJKO\FRPSHWLWLYHEXVLQHVVHQYLURQPHQWLWLVPDQGDWRU\
WRDYRLGZDVWLQJWLPHDQGPRQH\GXULQJGHYHORSPHQWWKURXJKUHVRXUFHLQWHQVLYHLWHUDWLRQORRSV7RDFFRPSOLVKWKLV
REMHFWLYH IXWXUH LPSURYHPHQWV PXVW QRW RQO\ FRPSULVH PHUHO\ WHFKQLFDO RSWLPL]DWLRQV EXW DOVR D EURDGHU
SHUVSHFWLYHRQSURGXFWGHVLJQDQGGHYHORSPHQW,QLQGXVWULDOSUDFWLFHWKHSURGXFWLRQV\VWHPGHYHORSPHQWLVXVXDOO\
QRWEHJXQZLWKXQWLO WKHSURGXFWGHYHORSPHQW LV DOPRVW ILQLVKHG+RZHYHUPDQ\SURGXFWGHVLJQGHFLVLRQVKLJKO\
DIIHFWWKHSURGXFWLRQV\VWHPGHYHORSPHQWDQGYLFHYHUVDVRLWLVPRUHWKDQHYHULPSRUWDQWWRFRQVLGHUWKHUHODWLRQV
DVHDUO\DVSRVVLEOHDQGGHYHORSSURGXFWDVZHOODVSURGXFWLRQV\VWHPLQDFORVHLQWHUSOD\$QH[DPSOHIRUUHOHYDQW
LQWHUGHSHQGHQFLHV LV WKH PDWHULDO VHOHFWLRQ GXULQJ SURGXFW GHYHORSPHQW WKDW UHTXLUHV FHUWDLQ PDQXIDFWXULQJ
WHFKQRORJLHV HJ DOXPLQXPZHOGLQJ ,I WKHVH FDSDELOLWLHV DUHQRW DYDLODEOHZLWKLQ WKH FRPSDQ\ LWPLJKWEHPRUH
HIILFLHQWWRVHOHFWDQRWKHUPDWHULDOGXULQJWKHSURGXFWGHYHORSPHQWSKDVH
7KH H[DPSOH LOOXVWUDWHV WKH SRWHQWLDOV RI DQ HDUO\ DQG LQWHJUDWLYH GHYHORSPHQW RI SURGXFW DQG FRUUHVSRQGLQJ
SURGXFWLRQV\VWHPLHVWDUWLQJWKHSURGXFWLRQV\VWHPGHYHORSPHQWDVVRRQDVDSULQFLSOHVROXWLRQRIWKHSURGXFWKDV
EHHQGHILQHG+RZHYHU WKHJUDQGFKDOOHQJHRI WKHHDUO\GHYHORSPHQWSKDVH LV WKHKLJKDPRXQWRI LQFRPSOHWHDQG
YDJXHLQIRUPDWLRQ$GGLWLRQDOO\WKHFRQVLGHUDWLRQRIDOOUHOHYDQWLQWHUGHSHQGHQFLHVEHWZHHQSURGXFWXQGSURGXFWLRQ
V\VWHP GHYHORSPHQW FRPHV ZLWK WKH SULFH RI DQ H[SRQHQWLDOO\ ULVLQJ FRPSOH[LW\ RI WKH HQJLQHHULQJ WDVN 6LQFH
GRPDLQVSHFLILF HQJLQHHULQJ PHWKRGRORJLHV FDQQRW VXIILFLHQWO\ KDQGOH WKLV FRPSOH[LW\ 0RGHOEDVHG 6\VWHPV
(QJLQHHULQJ 0%6( KDV EHHQ LQWURGXFHG WR VROYH WKLV FKDOOHQJH0%6( UHOLHV RQ D JHQHUDO V\VWHPPRGHO WKDW
FRPSULVHVDOOWKHUHTXLUHGGRPDLQVSDQQLQJLQWHUGHSHQGHQFLHVDQGFRRUGLQDWHVWKHLQYROYHGGRPDLQVSHFLILFPRGHOV
7KHV\VWHPPRGHOVWUXFWXUHVWKHUHOHYDQWLQIRUPDWLRQDQGGHILQHVFOHDULQWHUIDFHVEHWZHHQWKHVXEV\VWHPVDVZHOODV
WR WKH HQYLURQPHQW ,WV SXUSRVH LV QRW RQO\ WR VHUYH DV D VWDUWLQJ SRLQW EHIRUH WKH GRPDLQVSHFLILF V\VWHP
GHYHORSPHQW LV SXUVXHG EXW DOVR WR DFW DV D FRPPRQ LQIRUPDWLRQ H[FKDQJH OD\HU IRU WKH LQYROYHG GLVFLSOLQHV
WKURXJKRXWWKHZKROHSURGXFWHQJLQHHULQJSURFHVV
0RGHOLQJ V\VWHPV DFFRUGLQJ WR 0%6( SULQFLSOHV IURP WKH EHJLQQLQJ HQDEOHV D KLJKO\ HIILFLHQW V\VWHP
GHYHORSPHQW WKDW UHTXLUHV OHVV LWHUDWLRQ ORRSV WKXV UHGXFLQJ GHYHORSPHQW WLPH DQGPRQH\ VSHQW 6LQFH SRWHQWLDO
LQFRQVLVWHQFLHV RI WKH GHYHORSPHQW EHWZHHQ GLIIHUHQW GRPDLQV RU VXEV\VWHPV DUH GLVFRYHUHG LPPHGLDWHO\ WKH
HQJLQHHUV UHFHLYH D FRQWLQXRXV IHHGEDFN LI FHUWDLQ DGDSWLRQV YLRODWH WKH ERXQGDU\ FRQGLWLRQV RI RWKHU GRPDLQ
VSHFLILFV\VWHPVRUGHFUHDVHWKHRYHUDOOSHUIRUPDQFHRIWKHV\VWHP7KLVSURFHGXUHDYRLGVWKHLVRODWHGRSWLPL]DWLRQ
RILQGHSHQGHQWVXEV\VWHPVWKDWPLJKWFDXVHFRQIOLFWVLQWKHV\VWHPLQWHJUDWLRQSKDVHRIWKHGHYHORSPHQWSURFHVV
7KHLQWHJUDWLYHGHYHORSPHQWRISURGXFWDQGSURGXFWLRQV\VWHPFDQWKHUHIRUHSDUWLFXODUO\EHQHILWIURPWKH0%6(
PHWKRGRORJ\(VSHFLDOO\HDUO\DQDO\VHVRIWKHLQWHJUDWHGV\VWHPPRGHORIIHUVLJQLILFDQWSRWHQWLDOVWRUHDOL]HDOHDQHU
GHYHORSPHQWSURFHVV:KHQRQO\DILUVWFRQFHSWRIWKHSURGXFWLVDYDLODEOHDKLJKGHJUHHRIIUHHGRPUHVXOWVIRUWKH
DFFRUGLQJSURGXFWLRQV\VWHPGHYHORSPHQW)RUWKLVUHDVRQWKHPDLQREMHFWLYHRIWKHSURGXFWLRQV\VWHPGHYHORSPHQW
GXULQJ WKH HDUO\ GHVLJQ SKDVH LV WKH H[FOXVLRQ RI XQVXLWDEOH SURFHVVHV IURP WKH VROXWLRQ VSDFH 7KLV HQDEOHV DQ
HYDOXDWLRQRIWKHPRVWSURPLVLQJSURGXFWLRQV\VWHPDOWHUQDWLYHVVRGHYHORSHUVFDQIRFXVRQWKHEHVWVROXWLRQVULJKW
IURPWKHEHJLQQLQJ7KHFULWHULDIRU WKHHYDOXDWLRQPXVWEHFKRVHQLQDFFRUGDQFHZLWKWKHRYHUDOOREMHFWLYHRI WKH
SURGXFWLRQ V\VWHP GHYHORSPHQW HJ IOH[LEOH VXVWDLQDEOH RU ORZFRVW PDQXIDFWXULQJ (DFK RYHUDOO REMHFWLYH LV
GHWHUPLQHG E\ D PXOWLWXGH RI FULWHULD ZLWK GLIIHUHQW LPSRUWDQFH WKDW DUH LQGLYLGXDOO\ DVVLJQHG GHSHQGLQJ RQ WKH
VSHFLILF SODQQLQJ WDVN %HVLGHV WKH GLIIHUHQFHV EHWZHHQ WKH FULWHULD¶V LPSRUWDQFH WKH FULWHULD WKHPVHOYHV DUH DOVR
GLIIHUHQWLQQDWXUHLHTXDQWLWDWLYHDVZHOODVTXDOLWDWLYH'HVSLWHWKHVHFKDOOHQJHVLWLVQHFHVVDU\WRPHUJHDOOFULWHULD
ZLWKLQDXQLILHGPHWKRGRORJ\WRDFKLHYHDQHIILFLHQWDQGREMHFWLYHRULHQWHGHQJLQHHULQJSURFHVV
7KLV FRQWULEXWLRQ SURSRVHV DQ 0%6(EDVHG PXOWLFULWHULD GHFLVLRQ VXSSRUW DSSURDFK IRU WKH HYDOXDWLRQ RI
SURGXFWLRQV\VWHPDOWHUQDWLYHVGXULQJWKHHDUO\GHVLJQSKDVH)RUWKDWSXUSRVHWKHGHYHORSPHQWRIDJHQHUDOV\VWHP
PRGHODVZHOODVH[LVWLQJDSSURDFKHVIRUPXOWLFULWHULDGHFLVLRQVXSSRUWZLOOEHGHVFULEHGLQPRUHGHWDLOLQVHFWLRQ
7KHDSSURDFKIRUWKHDQDO\VLVRIWKHJHQHUDOV\VWHPPRGHOZLWKUHJDUGWRWKHRYHUDOOREMHFWLYHLVWKHQLQWURGXFHGLQ
VHFWLRQIROORZHGE\DQDSSOLFDWLRQH[DPSOHWKDWYDOLGDWHVWKHSURSRVHGSURFHGXUHLQVHFWLRQ7KHFRQWULEXWLRQLV
ILQLVKHGZLWKDFRQFOXVLRQDVZHOODVDQRXWORRNWRWKHIXWXUHUHVHDUFKFKDOOHQJHVLQVHFWLRQ

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0HWKRGRORJLFDO)RXQGDWLRQ
,QWKLVVHFWLRQWKHLQWHJUDWLYHGHYHORSPHQWRISURGXFWDQGSURGXFWLRQV\VWHPZLOOEHGHVFULEHGLQPRUHGHWDLO7R
SHUIRUP WKLV WDVN DFFRUGLQJ WR 0%6( SULQFLSOHV D FRPPRQ VSHFLILFDWLRQ ODQJXDJH LV UHTXLUHG IRU ZKLFK WZR
SRVVLEOH DSSURDFKHV DUH SUHVHQWHG )XUWKHUPRUH IRU WKH HYDOXDWLRQ RI VSHFLILHG SURGXFWLRQ V\VWHP DOWHUQDWLYHV D
PXOWLFULWHULDGHFLVLRQPDNLQJPHWKRGLVSURSRVHGWKDWFDQSURFHVVFULWHULDZLWKYHU\GLIIHUHQWFKDUDFWHULVWLFV
2.1  Process of integrative production system development 
7RDFKLHYHDFORVHLQWHUDFWLRQEHWZHHQSURGXFWGHYHORSPHQWDQGSURGXFWLRQV\VWHPGHYHORSPHQWLWLVDGYLVDEOH
WR EHJLQ WKH SURGXFWLRQ V\VWHP GHVLJQ DV VRRQ DV D ILUVW GUDIW RI WKH SURGXFW KDV EHHQ GHILQHG LH WKH SULQFLSOH
VROXWLRQ)LJXUHJLYHVDQRYHUYLHZRIWKHLGHDOL]HGSURFHVVVHTXHQFHDQGWKHDFFRUGLQJGHYHORSPHQWWDVNV
7RDFKLHYHDFORVHLQWHUDFWLRQEHWZHHQSURGXFWGHYHORSPHQWDQGSURGXFWLRQV\VWHPGHYHORSPHQWLWLVDGYLVDEOH
WR EHJLQ WKH SURGXFWLRQ V\VWHP GHVLJQ DV VRRQ DV D ILUVW GUDIW RI WKH SURGXFW KDV EHHQ GHILQHG LH WKH SULQFLSOH
VROXWLRQ)LJXUHJLYHVDQRYHUYLHZRIWKHLGHDOL]HGSURFHVVVHTXHQFHDQGWKHDFFRUGLQJGHYHORSPHQWWDVNV
)LJ6HTXHQFHRILQWHJUDWLYHSURGXFWLRQV\VWHPGHYHORSPHQWWDVNVDFFRUGLQJWR*DXVHPHLHUHWDO
)LJXUHDOVRGHQRWHVWKHLQWHUGHSHQGHQFLHVEHWZHHQWKHWZRGHYHORSPHQWEUDQFKHVWKDWKDYHWREHFRQVLGHUHG
2QFH WKH FRPPRQ XQGHUVWDQGLQJ RI WKH V\VWHP DQG LWV LQWHUIDFHV LV UHSUHVHQWHG E\ WKH FRQFHSWXDO GHVLJQ RQ WKH
V\VWHP¶V OHYHO WKH VXEV\VWHPV DQG PRGXOHV FDQ EH GHYHORSHG ZLWKLQ WKH VSHFLILHG SDUDPHWHUV $ ZHOOGHILQHG
V\VWHPPRGHO HQVXUHV WKH FRQVLVWHQF\ EHWZHHQ WKH PRGXOH DQG SURGXFWLRQ V\VWHP GHYHORSPHQW 7KH DFFRUGLQJ
PRGHOOLQJSURFHVVVKRXOGEHVXSSRUWHGE\DSSO\LQJ6\VWHPV7KLQNLQJIUDPHZRUNVDVIRUH[DPSOHWKH&RQFHSWDJRQ
DSSURDFK
$QDO\VLV PRGHOV IRU WKH V\VWHP WKHQ DOORZ IRU DQ HDUO\ DVVHVVPHQW RI FKDUDFWHULVWLF V\VWHP SDUDPHWHUV HJ
HVWLPDWLRQRIFRVWVSHUIRUPDQFHRUUREXVWQHVV2QWKHRQHKDQGWKHVHSDUDPHWHUVFDQEHHYDOXDWHGLQGLYLGXDOO\IRU
H[DPSOHE\PHDQVRIVSLGHUUDGDUFKDUWVRURWKHUJHRPHWULHV2QWKHRWKHUKDQGLWLVSRVVLEOHWRDVVHVVWKHV\VWHP
KROLVWLFDOO\ EDVHG RQ D IRUPDO V\VWHP UHSUHVHQWDWLRQ )RU WKLV SXUSRVH WKH VSHFLILFDWLRQ RI V\VWHP PRGHOV ZLWK
GHGLFDWHGPRGHOOLQJWHFKQLTXHVLVPDQGDWRU\VRWZRRIVXFKDSSURDFKHVZLOOEHLQWURGXFHGLQWKHIROORZLQJVHFWLRQ
2.2 Specification of a general system model 
7RHQVXUHDVHDPOHVVFRPPXQLFDWLRQEHWZHHQGHYHORSHUVRIGLIIHUHQWVXEV\VWHPVRUGRPDLQV LW LVQHFHVVDU\ WR
VSHFLI\WKHJHQHUDOV\VWHPPRGHOLQDFRPPRQODQJXDJHZLWKGHILQHGLQWHUIDFHVWRGRPDLQVSHFLILFODQJXDJHV)RU
WKLVSXUSRVHVHYHUDOVSHFLILFDWLRQWHFKQLTXHVDQGODQJXDJHVKDYHEHHQSURSRVHGE\DFDGHPLDDVZHOODVSUDFWLFHRI
ZKLFK6\V0/DQG&216(16ZLOOEHUHSUHVHQWDWLYHO\GHVFULEHGKHUHLQWKHIROORZLQJ
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Systems Modeling Language (SysML) 
7KH6\VWHPV0RGHOLQJ/DQJXDJH6\V0/KDVEHHQLQWURGXFHGLQDVGRPDLQVSDQQLQJPRGHOLQJODQJXDJH
IRU WKH GHVLJQ DQG GHYHORSPHQW RI FRPSOH[ V\VWHPV ,WV SDUWLFXODU SXUSRVH LV WR HQDEOH D VHDPOHVVPRGHOEDVHG
FRPPXQLFDWLRQIURPWKHVHWXSRIV\VWHPUHTXLUHPHQWVWRWKHGHYHORSPHQWDQGLQWHJUDWLRQRIDOOVXEV\VWHPV
6\V0/ LV D GHULYDWLRQ RI WKH8QLILHG0RGHOLQJ /DQJXDJH 80/ WKDW LVPDLQO\ XVHG IRU WKH VSHFLILFDWLRQ RI
VRIWZDUH V\VWHPV 6\V0/ FRQVLVWV RI  EDVLF YLHZV RQ WKH V\VWHP RIZKLFK HDFK FRQWDLQV D FHUWDLQ QXPEHU RI
GLDJUDPVWKDWDOORZWKHVSHFLILFDWLRQRISDUWLFXODUV\VWHPFKDUDFWHULVWLFV

 7KHVWUXFWXUHRIWKHV\VWHPLVPRGHOHGE\%ORFN'HILQLWLRQ'LDJUDPVEGGDQG,QWHUQDO%ORFN'LDJUDPVLEG
7KHEGGUHSUHVHQWDQDEVWUDFWKLJKOHYHOYLHZRQWKHV\VWHPZKHUHWKHPDLQV\VWHPHOHPHQWVDUHGHILQHGDQG
WKHLUIXQFWLRQDOUHODWLRQVDUHPRGHOHGHJ³FRQWDLQV´RU³LVSDUWRI´7KHLEGLVXVHGWRPRGHOPRUHGHWDLOHG
SURSHUWLHVRIWKHV\VWHPHOHPHQWVDVIRUH[DPSOHWKHW\SHRILQWHUIDFHVDQGWKHGLIIHUHQWIORZVEHWZHHQWKHP
 7KHEHKDYLRURIWKHV\VWHPLVUHSUHVHQWHGLQGLIIHUHQWNLQGVRIEHKDYLRUGLDJUDPV6HTXHQFHGLDJUDPVVGKHOS
WRPRGHOWKHWHPSRUDOFRXUVHRIFRPPXQLFDWLRQEHWZHHQWKHV\VWHPHOHPHQWV7KHFRPPXQLFDWLRQLVGLVSOD\HG
DVDQRUGHUHGVHTXHQFHRIPHVVDJHVWKDWPDNHLWHDVLHUWRLGHQWLI\FDXVHDQGHIIHFWRIDFHUWDLQEHKDYLRU6WDWH
PDFKLQHVVWPDUHXVHGWRPRGHODOOSRVVLEOHVWDWHVWKDWWKHV\VWHPLVRSHUDWLQJLQDQGWKHHYHQWVWKDWPDNHLW
FKDQJH WKH VWDWHV7KH DFWLYLW\GLDJUDP DFW IXOILOOV D VLPLODU SXUSRVHKRZHYHU LWGHSLFWVPRUH FORVHO\ZKDW
KDSSHQVGXULQJDQDFWLYLW\WKDWSHUIRUPVWKHVWDWHFKDQJH
 $ FRQWLQXRXV WUDFNLQJ RI UHTXLUHPHQWV WKURXJK WKH GHYHORSPHQW SURFHVV LV RQH RI WKH PDLQ DGYDQWDJHV RI
6\V0/ ,W LV DFKLHYHG E\ VSHFLI\LQJ D UHTXLUHPHQWV GLDJUDP UHT ZKLFK QRW RQO\ DOORZV GHULYLQJ VXE
UHTXLUHPHQWVEXWDOVRWRFURVVFKHFNZKLFKV\VWHPHOHPHQWRUIXQFWLRQVDWLVILHVZKLFKUHTXLUHPHQW
 7KHSDUDPHWHUGLDJUDPSDULVPHDQWWRDQDO\WLFDOO\GHVFULEHIXQFWLRQDOUHODWLRQVEHWZHHQV\VWHPHOHPHQWVDQG
WKHLUHQYLURQPHQW7KHVSHFLILFDWLRQLVFRQGXFWHGZLWKPDWKHPDWLFDOHTXDWLRQVWKDW ODWHUIRUPWKHIRXQGDWLRQ
IRUWKHDQDO\VLVRIWKHV\VWHPEHKDYLRUHJWHPSHUDWXUHGHYHORSPHQWGXULQJRSHUDWLRQRUIRUFHVZKLOHPRYLQJ
7KURXJKWKHYDULRXVGLDJUDPVWKDWDUHRIIHUHGE\6\V0/LWLVSRVVLEOHWRGHVLJQDGRPDLQVSDQQLQJV\VWHPPRGHO
WKDWFRQWDLQVPRVWUHOHYDQW LQLWLDO LQIRUPDWLRQIRU WKHODWHUGRPDLQVSHFLILFV\VWHPGHYHORSPHQW6\V0/LVZLGHO\
DFFHSWHGDPRQJLQGXVWULDOSUDFWLWLRQHUVDVZHOODVDFDGHPLFUHVHDUFKHUVKRZHYHUWKHPRGHOLQJIRFXVLVPDLQO\RQ
FRPPXQLFDWLRQ DQG RWKHU IORZV DV ZHOO DV IXQFWLRQDO UHODWLRQV 7KH GHYHORSPHQW RI SURGXFWLRQ V\VWHPV LV ZHOO
VXSSRUWHG IRU WKH UHTXLUHPHQWV HQJLQHHULQJ DQG WKH SURGXFW VSHFLILFDWLRQ 7KH VSHFLILFDWLRQ RI WHFKQRORJLFDO
LQWHUGHSHQGHQFLHV EHWZHHQ SURGXFW DQG FRUUHVSRQGLQJ SURGXFWLRQ V\VWHP LV QRW GLUHFWO\ RIIHUHG E\ D GLDJUDP
DOWKRXJK WKH FRPELQDWLRQ RI GLDJUDPV RIIHUV SRWHQWLDOV WR VROYH WKLV WDVN$PRUH VSHFLDOL]HG ODQJXDJH IRU WKH
V\VWHPVSHFLILFDWLRQRIPHFKDWURQLFV\VWHPVZLOOEHLQWURGXFHGLQWKHIROORZLQJVHFWLRQ

CONceptual Design Specification Technique for the ENgineering of Complex Systems (CONSENS) 
&216(16KDVEHHQGHYHORSHGZLWKDVSHFLILFIRFXVRQWKHLQWHJUDWLYHGHYHORSPHQWRISURGXFWDQGSURGXFWLRQ
V\VWHP ZKHUH WKH JHQHUDO V\VWHP PRGHO FRQVLVWV RI D V\VWHP RI FRKHUHQW SDUWLDO PRGHOV 3URGXFW DV ZHOO DV
SURGXFWLRQV\VWHPPRGHOHDFKKDYHFHUWDLQSDUWLDOPRGHOVDVVLJQHG WKDW UHSUHVHQWVSHFLILFYLHZVRUDVSHFWVRI WKH
V\VWHP'XHWRWKHVHYHUDOUHODWLRQVEHWZHHQWKHSDUWLDOPRGHOVWKHPVHOYHVDQGDOVREHWZHHQSURGXFWDQGSURGXFWLRQ
V\VWHPLWLVSRVVLEOHWRKDYHDFRQWLQXRXVPDWFKLQJRIERWKSODQQLQJGRPDLQV
)LJXUHJLYHVDQRYHUYLHZRIDOOLQYROYHGSDUWLDOPRGHOVDQGWKHZD\WKH\DFWWRJHWKHU%DVHGRQDILUVWSURGXFW
FRQFHSWLRQ HJ VSHFLILHG UHTXLUHPHQWV DFWLYH VWUXFWXUH HQYLURQPHQW PRGHO DQG D URXJK VKDSH WKH SURGXFWLRQ
V\VWHPGHYHORSPHQWFDQEHLQLWLDWHG%RWKSODQQLQJWDVNVDUHWKHQSHUIRUPHGLQDFORVHLQWHUSOD\WRLWHUDWLYHO\UHILQH
WKHJHQHUDO V\VWHPPRGHO:LWK UHJDUG WR WKHDVVHVVPHQWRISURGXFWLRQV\VWHPV WKHDFFRUGLQJSURGXFWLRQV\VWHP
SDUWLDOPRGHOVDUHGHVFULEHGLQPRUHGHWDLODVIROORZV

 3URGXFWLRQ 6\VWHP 5HTXLUHPHQWV VSHFLI\ WKRVH UHTXLUHPHQWV WKDW DUH SDUWLFXODUO\ LPSRUWDQW IRU WKH V\VWHP
PDQXIDFWXULQJDQGDVVHPEO\7KHVHDUHIRUH[DPSOHUHTXLUHGDQQXDOSURGXFWLRQUDWHVPDQXIDFWXULQJWROHUDQFHV
RU WHFKQRORJLHV WR EH XVHG 7KH LQIRUPDWLRQ DUH PDLQO\ REWDLQHG IURP WKH LQWHQGHG EXVLQHVV PRGHO RI WKH
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SURGXFW WKDW KDV EHHQ VHW XS EHIRUH WKH SURGXFW GHYHORSPHQW )RU H[DPSOH EXVLQHVVPRGHOV WKDW DLP IRU D
WHFKQRORJ\OHDGHUVKLSRIWKHSURGXFWQHHGGLIIHUHQWSURGXFWLRQV\VWHPUHTXLUHPHQWVWKDQEXVLQHVVPRGHOVWKDW
DLPIRUWKHFKHDSHVWSURGXFWLQWKHPDUNHW,Q&216(16WKHUHTXLUHPHQWVDUHVLPSO\VSHFLILHGDVDQ,'EDVHG
WH[WOLVWZKHUHVRPHUHTXLUHPHQWVWKDWDUHVDWLVILHGE\DSDUWLFXODUV\VWHPHOHPHQWFDQEHOLQNHGWRRWKHUSDUWLDO
PRGHOV,WGLIIHUHQWLDWHVEHWZHHQFRPSXOVRU\DQGRSWLRQDOUHTXLUHPHQWV7RVSHFLI\WKHJHQHUDOV\VWHPPRGHO
VSHFLDODWWHQWLRQPXVWEHSDLGWRPRGHOWKHUHTXLUHPHQWVRQDQDSSURSULDWHOHYHOZLWKRXWWRRVSHFLILFDVSHFWV
2WKHUZLVHWKHUHTXLUHPHQWVZRXOGJURZH[FHVVLYHO\LQYROXPHDQGSUHYHQWDQHIILFLHQW6\VWHPV(QJLQHHULQJ
 7KH3URFHVV6HTXHQFHFDQEHVSHFLILHG LQDFFRUGDQFHZLWKDILUVWSURGXFWVKDSHPRGHODVZHOODV WKH$FWLYH
6WUXFWXUH,WFRQVLVWVRIFRQVHFXWLYHSURFHVVHVDQGPDWHULDOHOHPHQWV WKDW OHDGIURPWKHPDQXIDFWXULQJRI WKH
EDVLFFRPSRQHQWV WR WKHDVVHPEO\RI WKHILQDOV\VWHP7KHSURFHVVVHTXHQFH LVVSHFLILHG LQGHSHQGHQWO\IURP
WKHDFWXDOUHVRXUFHVWKDWZLOOODWHUUHDOL]HWKHSURGXFWLRQSURFHVV7KLVUHVRXUFHLQGHSHQGHQWDSSURDFKHQDEOHVD
QHXWUDOGHYHORSPHQWSURFHVVWKDWGRHVQRWIDYRUHVWDEOLVKHGVROXWLRQVGXULQJWKHHDUO\GHYHORSPHQW3URFHVVHV
DUHRQO\VSHFLILHGZLWKWKHPRVWLPSRUWDQWSURFHVVSDUDPHWHUVWKXVFRQVHUYLQJWKHSRWHQWLDOVROXWLRQVSDFH
 5HVRXUFHVPXVW EH DVVLJQHG WR HYHU\ SURFHVV RI WKH3URFHVV 6HTXHQFH WR H[HFXWH WKH DFFRUGLQJ WDVN (YHU\
SURFHVV PXVW KDYH RQH UHVRXUFH DVVLJQHG KRZHYHU RQH UHVRXUFH FDQ EH DVVLJQHG WR PXOWLSOH SURFHVVHV
5HVRXUFHV DUH VSHFLILHG E\ FHUWDLQ SURGXFWLRQ SDUDPHWHUV HJ SURFHVVLQJ VSHHG RU ZRUNVSDFH OLPLWDWLRQV
$GGLWLRQDOO\WKH5HVRXUFH'LDJUDPFDQPDUNDUHVRXUFHDVPDNHRUEX\FDSDELOLW\VLQFHVRPHSURFHVVHVPXVW
EHH[HFXWHGH[WHUQDOO\6XSSRUWLQJXQLWVWKDWDUHUHTXLUHGIRUWKHRSHUDWLRQRIFHUWDLQUHVRXUFHVDVIRUH[DPSOH
ZRUNHUVRUWRROVDUHDOVRVSHFLILHGZLWKLQWKHUHVRXUFHGLDJUDP
 7KH6KDSHRIWKHSURGXFWLRQV\VWHPGRHVQRWRQO\FRPSULVHDWKUHHGLPHQVLRQDOPRGHORIWKHUHVRXUFHVEXWDOVR
OD\RXWLQIRUPDWLRQRIWKHSODQWDQGVSDWLDOLQIRUPDWLRQRIWKHPDFKLQHSRVLWLRQV,WFRQVWLWXWHVWKHEDVLVIRUODWHU
PDWHULDOIORZDQDO\VHVDQGFDSDFLW\GLPHQVLRQLQJ

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

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
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
)LJ3DUWLDOPRGHOVRISURGXFWDQGSURGXFWLRQV\VWHPLQ&216(16DFFRUGLQJWR*DXVHPHLHUHWDO
$OOGHVFULEHGSDUWLDOPRGHOVDUHLQWHUOLQNHGZLWKHDFKRWKHUWRUHSUHVHQWWKHLQWHUGHSHQGHQFLHVEHWZHHQSURGXFW
DQG SURGXFWLRQ V\VWHP DV ZHOO DV EHWZHHQ WKH DVSHFWV RI WKH V\VWHP LWVHOI ([DPSOHV DUH UHTXLUHPHQWV WKDW DUH
IXOILOOHGE\V\VWHPHOHPHQWVRIWKH$FWLYH6WUXFWXUHRUSURFHVVHVWKDWDUHUHDOL]HGE\UHVRXUFHVZKLFKKDYHDFHUWDLQ
VKDSH7RFRPSDUHGLIIHUHQWSURGXFWLRQV\VWHPVSHFLILFDWLRQVZLWKHDFKRWKHULWLVQHFHVVDU\WRFRQVLGHUDOODVSHFWV
RI WKH SURGXFWLRQ V\VWHP WRJHWKHUZLWK LWV LQWHUGHSHQGHQFLHV 6LQFH DOO WKH UHOHYDQW GHFLVLRQ FULWHULD H[KLELW YHU\
GLIIHUHQW FKDUDFWHULVWLFVZLWK UHJDUG WR DQ\ HYDOXDWLRQ HJ TXDQWLWDWLYHTXDOLWDWLYHPHDVXUHV RU OLQHDUH[SRQHQWLDO
EHKDYLRUPHWKRGVRI0XOWL&ULWHULD'HFLVLRQ6XSSRUWDUHUHTXLUHGIRUWKHDVVHVVPHQW,QWKHIROORZLQJVHFWLRQWKHVH
PHWKRGVZLOOEHLQWURGXFHGLQPRUHGHWDLO
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2.3 Methods of Multi Criteria Decision Support (MCDS) 
7KHPHWKRGVRI0XOWL&ULWHULD'HFLVLRQ6XSSRUWDLPWRHYDOXDWHDVHWRIPXWXDOH[FOXVLYHGHFLVLRQDOWHUQDWLYHVRI
ZKLFK DW OHDVW RQH VKRXOG EH FKRVHQ $V WKH QDPLQJ VXJJHVWV WKHVHPHWKRGV FRQVLGHU D YDULHW\ RI FULWHULD ZLWK
GLIIHUHQW LQIOXHQFHV UHJDUGLQJ WKH RYHUDOO REMHFWLYH (VSHFLDOO\ WKH FRPSDULVRQ RI FULWHULD ZLWK GLYHUVH
FKDUDFWHULVWLFVHJTXDQWLWDWLYHDQGTXDOLWDWLYHFULWHULDLVRQHRIWKHPDLQFKDOOHQJHVIRU0&'6PHWKRGV

Utility Value Analysis (UVA) 
7KH89$ LV D ZHOONQRZQ GHFLVLRQ VXSSRUWPHWKRG WKDW LV HVSHFLDOO\ SRSXODU DPRQJ GHFLVLRQPDNHUV LQ WKH
LQGXVWULDOSUDFWLFHGXHWRLWVTXLFNDQGVLPSOHDSSOLFDELOLW\7KH89$UHTXLUHVWKHGHFLVLRQPDNHUWRGHILQHDVHWRI
GHFLVLRQFULWHULDDQGPDQXDOO\DVVLJQHDFKFULWHULRQDZHLJKWZLWKUHJDUGWRLWVSHUIRUPDQFHIRUWKHRYHUDOOREMHFWLYH
7KHVXPRIDOOZHLJKWVPXVWWKHUHIRUHEHH[DFWO\$IWHUZDUGVHYHU\VROXWLRQDOWHUQDWLYHLVHYDOXDWHGIRUHDFK
FULWHULRQDFFRUGLQJWRDSUHYLRXVO\GHILQHGVFDOHHJIURPWR6XPPLQJXSDOOZHLJKWHGUDWLQJV\LHOGVDXWLOLW\
YDOXHIRUHDFKDOWHUQDWLYH
7KH DGYDQWDJH RI WKH PHWKRG OLHV LQ LWV XVHU IULHQGOLQHVV VLQFH WKH SURFHVV FDQ EH HDVLO\ H[SODLQHG DQG
FRPPXQLFDWHG)XUWKHUPRUH WKHDQDO\VLVGRHVQRWQHFHVVDULO\ UHTXLUH VRIWZDUH VXSSRUWEXW FDQDOVREHGRQHZLWK
SHQDQGSDSHU+RZHYHUWKHZHLJKWLQJLVRIWHQREWDLQHGE\URXJKHVWLPDWLRQDQGWKHSURFHVVLVUDWKHUHUURUSURQHVR
WKHPHWKRGLVRQO\UHFRPPHQGHGIRUEDVLFGHFLVLRQVLWXDWLRQV

Analytic Hierarchy Process (AHP) 
7KH $+3 LV D PDWUL[EDVHG GHFLVLRQ VXSSRUW PHWKRG WKDW LV PDWKHPDWLFDOO\ PRUH H[WHQVLYH WKDQ WKH 89$
+RZHYHULWVSULQFLSOHRISDLUZLVHFRPSDULVRQRIHDFKDOWHUQDWLYHZLWKHDFKRWKHUIRUHYHU\FULWHULRQGRHVQRWRQO\
HPSLULFDOO\GHOLYHUEHWWHUGHFLVLRQUHVXOWVEXWDOVRGRHVQRWUHTXLUHWKHGHILQLWLRQRIDFRPPRQHYDOXDWLRQVFDOHWKXV
UHGXFLQJ WKH PHWKRGRORJLFDO HIIRUW &DOFXODWLQJ WKH HLJHQYHFWRU RI HDFK FRPSDULVRQ PDWUL[ GHOLYHUV D SUHFLVH
UDQNLQJRIDOODOWHUQDWLYHVIRUHYHU\FULWHULRQ7KHZHLJKWLQJRIWKHFULWHULDLVDOVRSHUIRUPHGE\SDLUZLVHFRPSDULVRQ
DQGWKHILQDOUDQNLQJRIWKHDOWHUQDWLYHVFDQEHREWDLQHGDIWHUDFRQVHFXWLYHVHULHVRIPDWUL[RSHUDWLRQV$GGLWLRQDOO\
WKH LQFRQVLVWHQF\ RI WKH FRPSDULVRQ PDWUL[ FDQ EH PDWKHPDWLFDOO\ FDOFXODWHG WKHUHIRUH YHULI\LQJ WKH ORJLFDO
FRUUHFWQHVVRIWKHSURFHVV
$OWKRXJKWKH$+3VKRZVEHWWHUHPSLULFDOUHVXOWVIRUPDQ\GHFLVLRQVLWXDWLRQVFRPSDUHGWREDVLFPHWKRGVDVWKH
89$WKHKLJKHUFRPSOH[LW\RIWKHSURFHVVUHTXLUHVPRUHSHUVRQDOHIIRUWVDVZHOODVWKHXVHRIGHGLFDWHGEXVLQHVV
VRIWZDUHHJVSUHDGVKHHWSURFHVVLQJWRROV

Analytic Network Process (ANP) 
7KH $13 LV D JHQHUDOL]HG DSSURDFK RI WKH $+3 ZKHUH LQVWHDG RI WKH VWULFW WRSGRZQ FULWHULD KLHUDUFK\ DQ
RPQLGLUHFWLRQDO QHWZRUN RI FULWHULD DQG DOWHUQDWLYHV LV DOORZHG 7KH PDLQ DGYDQWDJH IRU DQ HYDOXDWLRQ LV WKH
SRVVLELOLW\WRQRWRQO\FRPSDUHDOODOWHUQDWLYHVIRUHDFKFULWHULRQEXWDOVRFRPSDUHDOOFULWHULDZLWKUHVSHFWWRHDFK
DYDLODEOHDOWHUQDWLYH7KDWPHDQVWKHZHLJKWLQJRIWKHFULWHULDLVQRWFRQVWDQWIRUWKHZKROHGHFLVLRQSURFHVVEXWLV
LQGLYLGXDOO\GLVWLQFWLYHIRUHYHU\DOWHUQDWLYH7KLVXQLTXHIHDWXUHRIWKH$13HQDEOHVDSUREOHPVSHFLILFDGDSWLRQRI
WKH ZHLJKWV ZKLFK WDNHV WKH FKDUDFWHULVWLFV RI WKH DOWHUQDWLYHV LQWR DFFRXQW 2QH H[DPSOH LV D FULWHULRQ WKDW LV
JHQHUDOO\RIKLJKLPSRUWDQFHIRUWKHGHFLVLRQHJVDIHW\+RZHYHULIDOODOWHUQDWLYHVIXOILOOWKDWFULWHULRQWRDYHU\
KLJKH[WHQWWKH$13ZRXOGDOORZDUHGXFWLRQRIWKHUHODWLYHZHLJKWRIWKLVFULWHULRQVLQFHWKHRWKHUFULWHULDJDLQLQ
LPSRUWDQFH-XVWOLNHWKH$+3WKH$13LVPDWKHPDWLFDOO\UDWKHUH[WHQVLYHDQGUHTXLUHVFHUWDLQVRIWZDUHWRROVDQG
FRPSXWLQJSRZHU+RZHYHUWKHRXWFRPHTXDOLW\VXJJHVWVXVLQJWKH$13DVPHWKRGIRUFRPSOH[GHFLVLRQSUREOHPV
6LQFHDOORIWKHPHQWLRQHG0&'6PHWKRGVKDYHGLIIHUHQWVWUHQJWKDQGZHDNQHVVHVWKHFKRLFHRIPHWKRGPXVWEH
FDUHIXOO\FRQGXFWHGZLWKUHVSHFWWRWKHVSHFLILFWDVNDWKDQG:LWKUHJDUGWRWKHDVVHVVPHQWRIGLIIHUHQWDOWHUQDWLYHV
ZLWKLQ WKH LQWHJUDWLYHSURGXFWLRQV\VWHPGHYHORSPHQWDQHYDOXDWLRQPXVWEHHDV\ WRH[HFXWHRUHYHQDXWRPDWL]HG
EXWDOVRDSSURSULDWHWRWKHULVLQJFRPSOH[LW\RIWKHV\VWHPGXULQJGHYHORSPHQW)RUWKLVSXUSRVHDQDSSURDFKIRUWKH
DVVHVVPHQWRISURGXFWLRQV\VWHPDOWHUQDWLYHVGXULQJHDUO\GHYHORSPHQWSKDVHZLOOEHSURSRVHGLQWKHQH[WVHFWLRQ
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$VVHVVPHQWRI3URGXFWLRQ6\VWHP$OWHUQDWLYHV
$VGHVFULEHGLQWKHSUHYLRXVVHFWLRQWKHVHOHFWLRQRISURGXFWLRQV\VWHPDOWHUQDWLYHVLVDKLJKO\H[WHQVLYHGHFLVLRQ
SURFHVVZLWK DYDULHW\RIGLIIHUHQW FULWHULD FKDUDFWHULVWLFV0HWKRGVRI0XOWL&ULWHULD'HFLVLRQ6XSSRUW HQDEOH WKH
HYDOXDWLRQRIDOWHUQDWLYHSURGXFWLRQV\VWHPVE\FRPSDULQJGLYHUVHFULWHULDDQGUDQNLQJWKHDOWHUQDWLYHZLWKUHJDUGWR
WKHGHFLVLRQPDNHU¶VSUHIHUHQFHV$FRUUHVSRQGLQJDSSURDFKIRU WKHDVVHVVPHQWRISURGXFWLRQV\VWHPDOWHUQDWLYHV
ZLOOEHSURSRVHGLQWKLVVHFWLRQ
3.1 Clustering of Decision Criteria 
7KHUHYLHZRI0&'6PHWKRGVLQWKHSUHYLRXVVHFWLRQLOOXVWUDWHGWKHLPSRUWDQFHRIWKHFULWHULDVHOHFWLRQIRUDQ
HIILFLHQWGHFLVLRQSURFHVV%DVHGRQWKHIRXUEDVLFYLHZVRI6\V0/DVZHOODVWKHIRXUSDUWLDOPRGHOVRI&216(16
DFOXVWHULQJRIFULWHULDLVSURSRVHGLQ)LJXUHWRJHWKHUZLWKH[DPSOHFULWHULDIRUHDFKFOXVWHU:KLOHWKHFOXVWHUVIRU
WKH HYDOXDWLRQ RI SURFHVVHV UHVRXUFHV EHKDYLRU DQG VKDSH FRPSULVH VSHFLILF FULWHULD WKH UHTXLUHPHQWV FOXVWHU
GHVFULEHVWKHGHJUHHRIIXOILOOPHQWRIWKHUHTXLUHPHQWV6LQFHWKHUHTXLUHPHQWVGLDJUDPFRQWDLQVFRPSXOVRU\DVZHOO
DVRSWLRQDOUHTXLUHPHQWVDOOSURGXFWLRQV\VWHPDOWHUQDWLYHVVDWLVI\WKHUHTXLUHPHQWVWRDFHUWDLQGHJUHH7KHUHIRUH
WKHUHTXLUHPHQWVFOXVWHUUHSUHVHQWVDFHQWUDOSDUWRIWKHSURGXFWLRQV\VWHPDVVHVVPHQW 
)LJ&ULWHULDFOXVWHUVDQGDFFRUGLQJH[DPSOHVIRUWKHDVVHVVPHQWRISURGXFWLRQV\VWHPDOWHUQDWLYHV
ZLWKLQFUHDVLQJPDWXULW\RI0LOHVWRQHV0WR0SRODUPDWXULW\D[LV
&OXVWHULQJ WKH FULWHULD DFFRUGLQJ WR WKH SULQFLSDO GHYHORSPHQW VHTXHQFH LV WKH FRUH RI D GHYHORSPHQWSDUDOOHO
DVVHVVPHQW LQ WKH HDUO\ GHVLJQ SKDVH ,QVWHDG RI FRPSDULQJ D IL[HG VHW RI FULWHULD WKDW LV RQO\ DYDLODEOH IRU IXOO\
VSHFLILHG SURGXFWLRQ V\VWHPV HDFK FOXVWHU FDQ EH LQGHSHQGHQWO\ HYDOXDWHG IURP RQH DQRWKHU $V ORQJ DV RQO\
LQIRUPDWLRQIRUWKHILUVWFOXVWHUVDUHDYDLODEOHHJSURFHVVHVDQGUHVRXUFHVRQO\WKHVHFOXVWHUVZLOOEHFRQVLGHUHGIRU
WKHVHOHFWLRQRIDOWHUQDWLYHV:LWKLQFUHDVLQJPDWXULW\RIWKHDOWHUQDWLYHV0LOHVWRQHVWRLQ)LJPRUHIDFWVDUH
NQRZQDERXWWKHGLIIHUHQWSURGXFWLRQV\VWHPVSHFLILFDWLRQVDQGFDQKHQFHEHLQWHJUDWHGLQWRWKHGHFLVLRQSURFHVV
3.2 Criteria Weighting and Evaluation of Alternatives 
$V GHVFULEHG LQ VHFWLRQ  WKHUH DUH QXPHURXV DSSURDFKHV IRU WKH DVVHVVPHQW RI D PXWXDO H[FOXVLYH VHW RI
GHFLVLRQDOWHUQDWLYHVZLWKUHJDUGWRDGHILQHGVHWRIFULWHULD+RZHYHUWKHGHVFULEHGDSSURDFKHVYDU\LQWKHLUGHJUHH
RI IRUPDOLW\DVZHOODV LQ WKHSUHFLVLRQRI WKHUHVXOWV ,W LV WKHUHIRUHDGYLVDEOH WRSURFHHG LQD WKUHHVWDJHSURFHVV
DORQJWKHPDWXULW\RIWKHSURGXFWLRQV\VWHPVSHFLILFDWLRQDVLWLVGLVSOD\HGLQ)LJXUH
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,Q WKH EHJLQQLQJ RI WKH GHYHORSPHQW SURFHVV RQO\ IX]]\ DQG LQFRPSOHWH LQIRUPDWLRQ DUH NQRZQ DERXW WKH
DYDLODEOHSURGXFWLRQV\VWHPDOWHUQDWLYHV WKHUHIRUHDQDGYDQFHGHYDOXDWLRQSURFHVV LVQRWHIILFLHQW7KH89$LVD
SURYHQ WRRO WR REWDLQ D ILUVW UDQNLQJ DQG JDLQ DQ RYHUYLHZ RI SRWHQWLDO IDYRULWHV 6WDJH  :LWK SURFHHGLQJ
GHYHORSPHQWSURJUHVVPRUHDQGPRUHVROXWLRQVDUHHOLPLQDWHGDQGWKHLQIRUPDWLRQGHQVLW\IRUHYHU\DOWHUQDWLYHLV
JURZLQJ7KH$+3IRUPDOL]HVWKHUDWLQJDQGHYDOXDWLRQSURFHVVWKXVLQFUHDVLQJWKHGHFLVLRQTXDOLW\6WDJH:LWK
RQO\ D IHZ IDYRULWH VROXWLRQV OHIW DQG DQ DOPRVW FRPSOHWH V\VWHP VSHFLILFDWLRQ WKH $13 DOORZV WKH DOWHUQDWLYH
VSHFLILFHYDOXDWLRQRIFULWHULDZKLFKIXUWKHUPRUHLPSURYHVWKHSUHFLVLRQRIWKHGHFLVLRQSURFHVV6WDJH
)LJ&KRLFHRI0&'6PHWKRGDORQJWKHSURGXFWLRQV\VWHPGHYHORSPHQWSURFHVVZLWKLQFUHDVLQJPDWXULW\RI0LOHVWRQHV0WR0
7RHQDEOHDVHDPOHVVHYDOXDWLRQSURFHVVZLWKLQFUHDVLQJPDWXULW\IURP0LOHVWRQH0WR0LW LVPDQGDWRU\WR
SURYLGHDFRPPRQGDWDEDVHVR WKDWVXEVHTXHQWHYDOXDWLRQPHWKRGVFDQGLUHFWO\DFFHVV WKHGDWD WKDWKDYHDOUHDG\
EHHQSURYLGHG)URP0WR0WKHUHLVDVKLIWIURPDVLQJOHGLUHFWHYDOXDWLRQDFFRUGLQJWRDFRPPRQVFDOHWRDQ
HYDOXDWLRQE\SDLUZLVHFRPSDULVRQ)RU WKRVHFULWHULD WKDWKDYHDOUHDG\EHHQHYDOXDWHGDW0 WKH UHODWLYHFULWHULD
HYDOXDWLRQDW0FDQEHWUDQVIHUUHGWRWKHHYDOXDWLRQPDWUL[DVGHIDXOWSURSRVDO/LNHZLVHDOOGHFLVLRQLQIRUPDWLRQ
WKDW KDYHEHHQREWDLQHG DW0 FDQEH WUDQVIHUUHG WR0 DFFRUGLQJO\7KLV SURFHGXUH VDYHVXQQHFHVVDU\ LQSXWRI
UHGXQGDQW LQIRUPDWLRQ WKDWKDYHDOUHDG\EHHQSURYLGHGDQG IRFXVVHVRQ WKRVHFULWHULDRU LQIRUPDWLRQ UHVSHFWLYHO\
WKDWKDYHQRWEHHQHYDOXDWHGEHIRUH+RZHYHULWLVQHYHUWKHOHVVQHFHVVDU\WRUHHYDOXDWHSUHYLRXVFULWHULDLIV\VWHP
DVSHFWVKDYHEHHQXSGDWHGGXULQJWKHFRXUVHRIGHYHORSPHQWDQGDQHZRXWFRPHRIWKHHYDOXDWLRQLVH[SHFWHG
3.3 Application example 
7RGHPRQVWUDWHWKHSUHYLRXVO\GHVFULEHGDSSURDFKWKHSURGXFWLRQRIDSHGDOHOHFWULFELF\FOHDVRFDOOHGSHGHOHF
LV DVVXPHG$ SHGHOHF LV DPHFKDWURQLF SURGXFW WKDW LQWHJUDWHV WKH FODVVLFPHFKDQLFDO FRPSRQHQWV RI D FRPPRQ
ELF\FOHZLWKDQHOHFWULFPRWRUDQGDFRQWUROXQLWWKDWUHJXODWHVWKHGHJUHHRIHOHFWULFVXSSRUWIRUWKHGULYHU$IWHUD
ILUVW SULQFLSOH VROXWLRQ IRU WKH SHGHOHF LWVHOI KDV EHHQ SURSRVHG WKH LQWHJUDWLYH GHYHORSPHQW RI WKH SURGXFWLRQ
V\VWHPLVLQLWLDWHG7KHRYHUDOOREMHFWLYHLVWKHLGHQWLILFDWLRQRIWKHPRVWFRVWHIIHFWLYHSURGXFWLRQV\VWHP
 7KH UHTXLUHPHQWV OLVW RI WKH SHGHOHF LV H[WHQGHG ZLWK DVSHFWV WKDW DUH RI SDUWLFXODU LPSRUWDQFH IRU WKH
PDQXIDFWXULQJDQGDVVHPEO\RIWKHSURGXFW7KHLQIRUPDWLRQDUHGHULYHGIURPWKHEXVLQHVVPRGHORIWKHSURGXFW
ZKLFKVWDWHVWKDWWKHSHGHOHFVKDOOEHDWHFKQRORJ\OHDGHULQLWVFODVVDQGGLVSOD\DORQJODVWLQJGXUDELOLW\7KH
LPSOHPHQWDWLRQRIWKHEXVLQHVVPRGHOLQWRWKHUHTXLUHPHQWVUHVXOWVIRUH[DPSOHLQDPLQLPXPSURGXFWLRQUDWHRI
SDDQGWKDWDVIHZVROHSXUSRVHWRROVDVQHFHVVDU\DUHWREHXVHGIRUWKHSURGXFWLRQ7KHPRUHRSWLRQDO
UHTXLUHPHQWVDUHIXOILOOHGE\DSURGXFWLRQV\VWHPDOWHUQDWLYHWKHEHWWHULVWKHUDWLQJIRUWKLVSDUWLFXODUFOXVWHU
0 0 0 0 0
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 %DVHGRQWKHSULQFLSDOVWUXFWXUHDVZHOODVDILUVWVKDSHPRGHORIWKHSHGHOHFWKHSURFHVVVHTXHQFHLVGHULYHG
$ORQH IRU WKHSURGXFWLRQRI WKHSHGHOHF¶V IUDPH WKHGHYHORSPHQW WHDP LGHQWLILHV ILYHSULQFLSOHSURFHVVFKDLQV
WKDWDUHFDSDEOHRISURGXFLQJWKHIUDPHDFFRUGLQJWRWKHUHTXLUHPHQWV7KHSURFHVVFKDLQVGLIIHULQWKHIRUPLQJ
DQGMRLQLQJWHFKQRORJLHVHJZHOGLQJFDVWLQJRUIRUJLQJDVZHOODVWKHVHTXHQFHDQGVRXUFLQJRISURFHVVVWHSV
HJLQWHUQDOSUHKHDWLQJRUH[WHUQDOSRVWWUHDWPHQW$VGHPRQVWUDWHGLQ7DEOHZLWKDILUVW89$HYHU\VSHFLILHG
SURFHVVFKDLQVLVUDWHGIURPWRIRUHDFKRIWKHZHLJKWHGFULWHULD7KHGHYHORSPHQWWHDPGHFLGHVWRHOLPLQDWH
WKH ORZHVWUDWHG DOWHUQDWLYH ³)RUJLQJ ([WHUQDO´ VLQFH WKLV DOWHUQDWLYH DOVR VKRZV WKH ORZHVW GHJUHH RI
UHTXLUHPHQWVIXOILOOPHQW)RUWKHUHPDLQLQJIRXUSURFHVVFKDLQVDUHVRXUFHPRGHOLVWKHQWREHHODERUDWHG
7DEOH([HPSODU\89$RI3URGXFWLRQ6\VWHP3URFHVV&ULWHULD
 3URFHVV5HOLDELOLW\ 3URFHVV&RPSOH[LW\ 0DWHULDO'HQVLW\ :HLJKWHG
6XP:HLJKW 5DWLQJ :HLJKW 5DWLQJ :HLJKW 5DWLQJ
&DVWLQJ,QWHUQDO





 
&DVWLQJ([WHUQDO    
:HOGLQJ,QWHUQDO    
:HOGLQJ([WHUQDO    
)RUJLQJ([WHUQDO    
 6SHFLILHGUHVRXUFHPRGHOVIRUHDFKRIWKHIRXUUHPDLQLQJSURFHVVFKDLQVFRQVWLWXWHDPRUHSUHFLVHGHFLVLRQEDVLV
ZLWKPRUHFRPSOH[FULWHULD7KHGHYHORSPHQW WHDPVZLWFKHV WR WKH$+3PHWKRGZLWK WKHSUHYLRXVHYDOXDWLRQ
UHVXOWVEHLQJDGRSWHGDVLQLWLDOUDQNLQJ+RZHYHUWKHUHPDLQLQJDOWHUQDWLYHVROXWLRQVDUHQRZFRPSDUHGSDLUZLVH
IRU DOO FULWHULD DFFRUGLQJ WR D OLQJXLVWLF VFDOHZKHUH PHDQV HTXDOLW\ DQG PHDQV WRWDO GRPLQDQFH %\ WKLV
SDLUZLVHFRPSDULVRQDPRQJWKHFULWHULDDQGEHWZHHQWKHDOWHUQDWLYHVIRUHDFKFULWHULRQDFRQVLVWHQWZHLJKWLQJDV
ZHOODV WKHHYDOXDWLRQRI WKHDOWHUQDWLYHV LVREWDLQHG$QH[DPSOHIRU WKHHYDOXDWLRQRI WKHFULWHULRQ³5HVRXUFH
(IILFLHQF\´LVJLYHQLQ7DEOH&RUUHVSRQGLQJWDEOHVWKHQKDYHWREHGHULYHGIRUDOORWKHUFULWHULDWRREWDLQWKH
ZHLJKWHGUHVXOW7KHUDQNLQJLGHQWLILHVWKUHHIDYRULWHVROXWLRQVDQGWKHORZHVWUDWHGDOWHUQDWLYHLVGLVUHJDUGHG
7DEOH([HPSODU\SDLUZLVHFRPSDULVRQDQGREWDLQHGUDQNLQJIRUFULWHULRQ³5HVRXUFH(IILFLHQF\´
5HVRXUFH(IILFLHQF\ &DVWLQJ,QWHUQDO &DVWLQJ([WHUQDO :HOGLQJ,QWHUQDO )RUJLQJ([WHUQDO 1RUPDOL]HG(LJHQYHFWRU
&DVWLQJ,QWHUQDO     
&DVWLQJ([WHUQDO     
:HOGLQJ,QWHUQDO     
)RUJLQJ([WHUQDO     
 )RU HDFK RI WKH WKUHH VHOHFWHG DOWHUQDWLYHV D EHKDYLRU PRGHO LV GHYHORSHG 7KH EHKDYLRU PRGHO LQFOXGHV
LQIRUPDWLRQ DERXW WKH SURGXFWLRQ FRQWURO VWUDWHJ\ DVZHOO DV SRVVLEOH UHVSRQVHV LQ FDVH RIPDFKLQH IDLOXUH RU
RUGHU PRGLILFDWLRQV 7KRVH FULWHULD HYDOXDWLRQV WKDW KDYH DOUHDG\ EHHQ FRQGXFWHG ZLWK UHJDUG WR WKH WKUHH
UHPDLQLQJVROXWLRQVDUHLPSRUWHGIURPWKHGDWDEDVH7KHFRPSDULVRQRIDOWHUQDWLYHVWKHQRQO\KDVWREHH[HFXWHG
IRUQHZFULWHULD7KHZHLJKWLQJRIWKHFULWHULDPXVWEHUHSHDWHGIRUWKHIXOOVHWRIFULWHULDDWWKDWSRLQWRIWLPH7KH
WHDPGHFLGHVWRVWD\ZLWKWKH$+3PHWKRGDQGHOLPLQDWHVWKHQHZORZHVWUDQNLQJDOWHUQDWLYH³&DVWLQJ([WHUQDO´
 :LWK RQO\ WZR UHPDLQLQJ VROXWLRQV D VKDSH PRGHO LV GHYHORSHG IRU HDFK DOWHUQDWLYH 6KDSH PRGHOV FRQVLGHU
SRVVLEOH OD\RXW FRQILJXUDWLRQV IRU WKHSUHYLRXVO\GHILQHG VSHFLILFDWLRQVDQG UHTXLUHPHQWV'XH WR WKHGLIIHUHQW
IRFXV RI WKH DOWHUQDWLYHV DQG VLQFH ERWK DOWHUQDWLYHV KDYH HTXDOO\ JRRG SURFHVV UDWLQJV WKH $13 LV XVHG WR
GHWHUPLQH D VROXWLRQVSHFLILF FULWHULD ZHLJKWLQJ :KLOH FDVWLQJ LV HVSHFLDOO\ VWURQJ UHJDUGLQJ LWV UHVRXUFH
HIILFLHQF\ZKHQWKHIUDPHLVGLUHFWO\SURGXFHGDFFRUGLQJWR WKHSURGXFWVSHFLILFDWLRQZHOGLQJH[KLELWVDPRUH
IOH[LEOHEHKDYLRUVLQFHWKHUHVRXUFHVFDQDOVREHXVHGIRURWKHUSXUSRVHV(YDOXDWLQJWKHFULWHULDFRUUHVSRQGLQJO\
UHWXUQVWKHILQDOUDQNLQJRIWKHWZRUHPDLQLQJDOWHUQDWLYHVDQGWKHIDYRULWHVROXWLRQ³:HOGLQJ,QWHUQDO´
 :HOGLQJ,QWHUQDO±   &DVWLQJ,QWHUQDO±
7KH REWDLQHG IDYRULWH VROXWLRQ FDQ QRZ EH UHILQHG DQG HODERUDWHG LQPRUH GHWDLOV IRU H[DPSOH E\ LWHUDWLYHO\
UXQQLQJWKURXJKWKHSDUWLDOPRGHOVDJDLQDQGDOLJQLQJLWPRUHSUHFLVHZLWKWKHSURGXFWPRGHODQGLWVUHTXLUHPHQWV,W
LVRIFRXUVHDOVRSRVVLEOH WRUHGXFH WKHUHOHYDQWVROXWLRQVQRWRQO\GRZQWRRQHIDYRULWHEXWSURFHHGZLWK WZRRU
PRUHVROXWLRQVWRWKHVHFRQGLWHUDWLRQORRS
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&RQFOXVLRQDQG2XWORRN
7KH SURSRVHG DSSURDFK IRU WKH DVVHVVPHQW RI SURGXFWLRQ V\VWHPV IRFXVHV RQ WKH LQWHJUDWLYH GHYHORSPHQW RI
SURGXFWDQGDFFRUGLQJSURGXFWLRQV\VWHPGXULQJWKHHDUO\GHVLJQSKDVH$VSHFLILFFKDOOHQJHRIWKHHDUO\SKDVHLVD
KLJK DPRXQW RI LQFRPSOHWH DQGYDJXH LQIRUPDWLRQ WKXV VSDQQLQJDELJ VROXWLRQ VSDFH7KHGHVFULEHGSURFHVVRI
VHTXHQWLDOO\DGGLQJFULWHULDGXULQJGHYHORSPHQWFRQVLGHUV WKHIDFW WKDWVROXWLRQVDOUHDG\QHHGWREHFRPSDUHGDQG
HYDOXDWHGHYHQZKHQWKH\DUHQRWIXOO\VSHFLILHG\HWWRUHGXFHWKHVROXWLRQVSDFHDVHDUO\DVSRVVLEOH$VKDVEHHQ
GHVFULEHG WKH LQWHJUDWLYH GHYHORSPHQW RISURGXFW DQGSURGXFWLRQ V\VWHP LV DQ H[WHQVLYH WDVN DQG WKH FRPSOH[LW\
ULVHV ZLWK RQJRLQJ GHYHORSPHQW DQG PDWXULW\ RI WKH V\VWHP 7R DFFRXQW IRU WKH UHVXOWLQJ VKLIW LQ HYDOXDWLRQ
UHTXLUHPHQWV D WKUHHVWDJH HYDOXDWLRQ SURFHGXUH KDV EHHQ SURSRVHG WKDW IRFXVVHV RQ TXLFN DQG EDVLF PHDVXUHV
GXULQJWKHEHJLQQLQJRIWKHGHYHORSPHQWWRDQDGYDQFHGPHWKRGRORJ\IRUIXUWKHUGHYHORSHGV\VWHPVSHFLILFDWLRQV
7KH HYDOXDWLRQ LV QRW H[HFXWHG ZLWK VLQJOH GRPDLQVSHFLILF WRROV DQG PHDVXUH EXW UDWKHU FRPSULVHV WKH IXOO
VSHFLILFDWLRQZLWK DOO LQIRUPDWLRQ WKDW DUH DYDLODEOH DW WKH SRLQW RI HYDOXDWLRQ 7KH SURSRVHGPHWKRGV RI0&'6
DYRLGDQLVRODWHGRSWLPL]DWLRQRISDUWVRUVXEPRGXOHVGXULQJGHYHORSPHQWWKDWPLJKWQHJDWLYHO\DIIHFWWKHRYHUDOO
SHUIRUPDQFHRIWKHV\VWHP7KHHYDOXDWLRQDQGDQDO\VLVRIWKHV\VWHPVSHFLILFDWLRQLQSDUDOOHOWRWKHDFWXDOV\VWHP
GHYHORSPHQW LV WKHUHIRUHFRQGXFWHG LQDFFRUGDQFHZLWK0%6(SULQFLSOHV+RZHYHUHVSHFLDOO\ WKHPRUHDGYDQFHG
PHWKRGVRI$+3DQG$13 UHTXLUH D VLJQLILFDQW DPRXQWRI LQIRUPDWLRQ WR HIIHFWLYHO\ DVVHVV WKH DOWHUQDWLYHV7KH
PHWKRGVWKHPVHOYHVGRQRWUHSODFHDWKRURXJKDQGFRPSUHKHQVLYHGDWDDFTXLVLWLRQRIWKHZKROHGHFLVLRQVLWXDWLRQ
EXWFDQRQO\VXSSRUWWKHGHYHORSHULQVWUXFWXULQJDQGDQDO\]LQJWKHDYDLODEOHLQIRUPDWLRQ
,Q WKH IXWXUH LW LV SODQQHG WR HODERUDWH D VXLWDEOH GDWD VWUXFWXUH WKDW FDQ IXOILOO WKH GHPDQG RI RQH FRPPRQ
GDWDEDVH IRU WKH LQSXW DQG RXWSXW RI DOO FRQVHFXWLYH HYDOXDWLRQ PHWKRGV 7KLV GDWDEDVH LV WKH NH\ WR DFKLHYH
DFFHSWDQFH DPRQJSRWHQWLDOXVHUV DQG V\VWHPGHYHORSHUV VLQFH LW DYRLGVJDWKHULQJ WKH VDPH LQIRUPDWLRQ WZLFH ,W
PXVWDOVRLQFOXGHLQWHUIDFHVWRWKHHQWHUSULVHUHVRXUFHSODQQLQJV\VWHPVWRDXWRPDWLFDOO\REWDLQGDWDWKDWFDQEHXVHG
IRUHYDOXDWLRQSXUSRVHV7KHRYHUDOOREMHFWLYHIRUWKHGHVFULEHGDSSURDFKUHPDLQVDPD[LPXPGHJUHHRIDXWRPDWLRQ
IRU WKH HYDOXDWLRQ SURFHVV WR DOORZ WKH GHYHORSHU IRFXVLQJ RQ WKH FUHDWLYH SDUW RI WKH WDVN LQVWHDG RI IRUPDO
PHDVXUHV
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